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with the end of nuclear weapons testing there in 19s8, natives of

2newetak (Eniwetok) Atoll began pressing for a return to their South Pacific homeland.

In A9’781 they came back, but not before the Defense Nuclear Agency (DNA) oversaw a

?adiation cleznup effort that included placing contaminated topsoil, scrap metal, and

ather debris in a tiassive,domed concrete containment str.uqturebuilt over one of the

>omb craters. Two years later, responding to concerns of the natives and others-about

~he structure’s soundness and effectiveness, the DNA asked the National Research Council

to study the matter.

Now completed, the commmittee~s r~porte concludes that “the Cactus Crater

containment structure and its contents present ,nocredible health hazard to the peOPle
.

~f Enewetak, either now or in the future.” .
r

Pointing out that the purpose of the dome ~
(=-1

is to prevent human contact with the debris buried therej the co.m$ttee found “no 4—

.

.
● C2

plausible sequence of events that would prevent the structure from performing this o
U3.

function.”
.

‘Press copies of’the Evaluation of EnebietakRadioactivity .Containn”entare
available from the Office of Information at the letterhead address. Others may obtain
‘oPies from the National Technical Information Service, -Sprin&field, Virginia z2161t
elcphonc, (-/03)497-4650. Please SD@CifVp~fl
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~ven if the entire contents of the doffiewere somehow washed into the atollls... . .

central lagoon--a set of events the committee termed “highly unlikely”
--the committee

?
. .,

stressed that there would still be no hazard to the people theree “.

Placing the dome’s contents in the context of the surrounding environment, the-
.

committee.said, mIt is clear...that the radioa”~tivematerial collected from the islands

and deposited under the dome contains a small fraction Of the act~vitY that has been ‘n.- 1 .

Cactus Crater and nearby

fraction of the activity

.
Members of the

.
Lacrosse Crater for more than 20 years and an even smaller

known to be on the bottom of the lagoon.st

committee visited some of the atollts islands in March 1980 to “.

examine the dome antiobserve the drilling program organized earlier by the committee to

provide information on the dome and its contents. The ;ommittee also reviewed data and
?

reports on the DNA-directed cleanup and interviewed key persons associated with the.
. .
program. ..

The committee advised that while “no significant radioactive hazard would be

created if the containment structure were t-ofail in any way.. .lnspe,ctionof the dome

should take place periodically and after severe ‘torm>o.” ,

The test drillings of the dome revealed that water flows freely between the “

dome’s contents and the ocean. However, the committee pointed out that most of the
.

radioactive elements which are fixed in concrete’do not dissolve in waterl and are

“leached out of the dome very slowly, if ai all. An analysis of’water and soil taken

. . .

from the drill holes showed that the amount of radioactive elements was ‘tfarbelow the

‘-maximumpermissible concentrations for the general public in drinking water” and
.

Wcornparab~e to soil sediment concentration in the northern part
. 1

of the atoll.”

“.

.

(MORE)
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On a rel-atediSSUe S the committee warned that “althouSh the,hazard presented.
●

by the dome is negligible, the same cannot be said for Runit Island as a whole.!’ Run~t

Island has been placed off-limits forever because of the possibility of highly toxic

plutonim particles in the soil there. . . . ,. .

‘It may well be that an important future function of the containment structure will be
.

to serve as a reminder to everyone that the island is to be
avoided,!lstates the report.

The committee also examined the situation on nearby Enjebi Island. Although
● .

originally not cleaned up to be a residential island, Enjebi.is the traditional home of

one of Enewetakfs two.tribal groups, and the committee examined the radiation hazards .

associated with the possibility that the drL-Enjebl might wish to resettle their island. ‘

It concluded that “the calculated (radiation) doses for living on-Enjebi are somewhat

higher

in the

Enjebi

than the total 5 reinsthat is the maximum allowable limit for a,large population
.

United States.” The committee stressed, however, that the question of resettling

can be made only after a realistic and informed comparison of the estimated.

radiation risks with the other risks to which the Enjebi are exposed in their normal
..

life.
.

. .
.

l%e Advisory Board on the Built Environment’s Committee on Evaluation of
Enewetak Radioactivity Containment, located in the Research Councilts Commission on

Sociotechnical Systems, was chaired by Robert W. Morse, senior scientist, Woods Hole

Oceanographic Institute, Woods Hole, Mass. Other members were: John P. Gnaedinger~
chairman, Soil Testing Services, Inc.$ Northbrook, Ill.; Steven Kim, executive vice

president, Radiation Management Corp., Philadelphia; Colin A. Mawson, Atomic Energy of
Canada (retired), Ottawa, Ont.; William F. Merritt, health sciences division, Chalk
River Nuclear Laboratories, Chalk River> Ont.; Frank L. Peterson, department of geolog,Y -
and geophysics, University of Hawaii; John H. Wiggins, Jr., J.H. Wiggins Co., Redondo

Eeach, Calif’.; and Alfred A. Yeel Alfred A. Yee and Associates, Inc., Honolulu.

The principal staff officer was James R. Srnfth.
.
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NOTI~: The project that is the subject of this report was approved
by the GoverningBoard of the NationalResearchCouncil,whose members
are drawn from the Councils of the NationalAcadetayof Sciences? the
NationalAoademyof Engineering,and the Instituteof Medicine* The
members of the comuitteeresponsiblefor the reportwere chosen fOr
their specialcompatencesand with regard for appropriatebalance.

This reporthae been reviewd by a group other than the authors
according to procedures apprwed by a Report Review Ccanaitteeoon8is-
ting of membersof the National Acadaq of Sciences,the National
Academy of Fhgineering, and the Instituteof Medicine. .

TEE NATIONALI@~ COUNCIL was establishedby the National
Academyof Sciences.in1916 to aasodate the broad community of science
●nd technologywith the Academy’spurpose of furtheringknowledgeand
of advisingthe federal government. The Council operates in accordance
with generalpoliciesdeterminedby the Academy under the authorityof
its Congressionalcharter of 1863, which establishestie ~adeq as a
private,nonprofit,self~overning membershipcorporation. me @until
has become the principaloperating agency of both the National Academy
of Sciencesand the National Acadaq of engineeringin the conduct of
their servicesto the gwemment, the public, and the scientificand
engineeringcommunities. It is ●dministeredjointlyby both Academies
and the Instituteof Medicine. The NationalAcademy of Engineeringand
the Instituteof Medicine were estab13slndin 1964 and 1970~ respect-
ively, under the charter of the National Academyof Scienoes.

THE CONMISSIONON SOCX0TEU3NICALSYS~ is one of.the _jOr com-
ponents of t&e National Research COuncil and has general respxsibility
for the cognizanceover those program areas concernedwith physical,
technological,and industrialayst~ that axe or may be deployed in
the public or private sector to serve societalneeds.

TEE ADVISORYSOARO ON TEE BUILT ~NMzNT is that unit of the
CO=iSSiOn on Sodotechnical Systemswhich”focuseson those scientific
and technologicalissues that are critical to the improvementof
nationalpoliciesand programs for the built environment.

This repat was prepared under contract number DNAO02-80-C-0011between
the NationalAcademy of Sciencee and the Defense Nuclear Agen~.

rnr informationregardingthis document,write t;e Executive Director, ‘
AdvisorySoard on the Built Environment,National Research Council,
2101 ~n6titution Avenue, N.W., Washington,-D.C.20418.

5(HN3H



.,

Page

COM41TI’EZON EVALUATIONOP ENEWETAX RADI_~ _AI~
AUVYSORY BOARD ON TEE BUILT ENVIl@~
PREFACS

Chapter 1-SUMMARY AND CONCLUSIONS
1.1 The ContainmentStructure
1.2.Related Issues.. ..

~aptei 2-BACKGROUND
2.1
2.2
2.3
2-4
2.s
.2-6

Chapter 3-THZ
3.1
.3.2
3.3
3.4
3.s
3-6
3.7
3-8
3.9

Nature of tbe Islands
Normal lZonomy
mewetak Atoll
Tbe ~ewetak People
Weapons resting
References

Cleanup Propcisals
Cleanup Criteria
DisposalOptions
RadioactiveContaminants
Wcation of the Contamination
Nature of-the Problem
Safety of Operators
Cactus Crater
Fillingof the Crater

3.10 References

Chapter 4—DESCRIPTION OP THE CONTAINMENTSTRU~
4.1
4.2
4*3
4.4

General Observations
Tbe Drilling Program
RadioactiveContents
References

v
vi
vii

1
1
2

3
3
3
3
6“
6
8

9
9
9

10
10.
11

-;:
12
15
17

19
19
19
21
23

.“

iii



I ●

. .

1

-,

~. ‘
Chapter 5—HAZARDS ASSOCIATEDWITH TEE DOME

5.1
5.2
5.3
5.4
5.5
5.6
5.7

!

5.9

Function of the Dome
Radionuclidesin the ~me
Transuranicsin the SurroundingEnvironment
Comparisonswith Other -ations
Transuranicsin Marine Foods
Dome Preachment
Hazards &sociated with Leaching from the Containment
Structure
Hazards Associatedwith Breaching of the Containment
Structure
Summary

5.10 References

Chapter 6--OTEER ISSUES.
6.1 Runit Island
6.2 Enjebi Island
6.3 References

APPENDIXA ESTIMATED30-YEAR INTEGRW DOSE VS. RATE OF REMOBILIZATION
.“ FROM DOME

APPENDIX B BIGWHICIU SREmHES OF COM41- MEMBERS

25
25
2s
26
27
27
28

\
29

31
32
33

35
35
36
37

39

41

L

*

iv

.



I

.

C@MI_ ON =UATI~ OF HNEWETAK RADIOACT~’= CONTA~ .

Chairman
~. MORSE, Woods Hole OceanographicInstitution,Woods Hole?

Massachusetts

Members
JOHN P. GNAEDINGER8Soil Testin9 services?~c”~ ~rthbr~kt lllinois
STEPHENM. KIM, WC Technical Services,-RadiationXsnagement CorWration*

Philadelphia~Pennsylvania
COLIN A. MAWSON? Ottawa, Ontirio, Canada
WILLIM F. MHRIWXT, Healthsciences Division/chalk River Nuclear

-ratories, Chalk River, Ontario,Canada
PRANK L. P_ON~ Departmentof GSO1O9Y and ~physicst ~ivers~ty of

“ Hawaii~ Honolulu
JOHN H. WIGGINS, Jr., J. H. Wiggins Company, Redondo Beach, California
ALFRED A. YEE, Alfred A. Yee and Associates,Inc., Honolulu? Hawaii

‘,
ABBE Staff
JAMESR. SMITH, Principal Staff Officer
DAVID STARK, consultant
CLARET M. HHIDER, Editorial Consultant
DHLPHINED. GLAZE, AdministrativeSecretary
BEzTY LOU WELLS, Secretary .

,
I

.“

*

.

<“’
v



-(
.-

\

Chairman
PHILIP G.

Nmbers
WERNER A.

/
ADVISORY BOARD ON ~ BUILT HNVIRONKENT

1981-82

HAMHR, palm Barber, Plorida

BAuM, Collegeof Arts and Sciences~Florida Sate University
Tallahassee

RXCHMll BHNDER,&llege of EnvironmentalDesign,Universityof California?
Berkeley

WIIUAM S. BI~* United States Steel @rpQration? Washington?D.C.
JAFSESM. BROWNt School of Law? George WashingtonUniversity?Washington,D.C.
G. DAY DING, small H&es—Building Researchcouncil,Universityof Illinois#

Urbana-ampaign
FAbL C. GREINE% Edison Hlectric Institute*Washington?DOCO
LAWRENCEE. HINRLH,M.D.~ New York Hospital+rnell Medical center? New york .
ROBERT C. HOLLAND,Comnittee for Hconomic Development,Waahingtont B.C.
JOHN C. HORNING,General Hlectric Company, Schenectady,New York
GEORGZ S. JENKINS,ConsultationNetworks me., Washington,D.C.
OLIVHR H. JONES, Oliver Jones and Associates,Manns ChOiCe/

Pennsylvania
JOHN T. JOYCE, InternationalUnion of Bricklayersand Allied craftsmen,

Washington,D.C.
STANIS~VV. KJ4SL,Departmentof ~+demiology and public Health

Yale University,New Haven, Connecticut
MORTIMERM. MARSHALL,Jr.? Reston, Virginia
ROBHRT P. MARSHALL, Jr., ~rner ConstructionCompany,New York, New York

● GIQRIA S. McGREGOR,CommunityFacilitiesDepartment,InternationalEnergy
Company,San Rancisco, California

MHLVIN A. MISTER, U.S. Conference Of Mayors, Washington,D.C.
C. E. (TED)PECX, The Ryland Group, Inc., Columbia,Maryland
L. R. S~ ? U.S. Army ConstructionengineeringReseaxch Laboratory?

“ Champaign,Illinois
ARTHUR C. STERN, Departmentof Rv?ironmentalSciences”and engineering, ‘

Uni~ersityof North Carolina,Chapel Hill
WARREN H. TuRNHR,American Telephoneand TelegraphCompany, Basking Ridge,/

New Jersey
SHIRLHY P. tiISS, Departmentof City and RegionalPlanning,Tbe University

of .NorthCarolina,Chapel Hill
JOHN H. WIGGINS, Jr., J. H. Wiggins Company,Redondo Beach, California

i
‘,..

. .
vi

.. -- 7 ,--7----—.- ---— —



a
.-.

.- —w-.- ..---=-.... ... ...

.

f’ Liaison Representatives
~ S. ~~ ArlingtoncVir9inia
MAXI= SAVITZ,Deputy AssistantSecretarY for Conservation,Office of

Conservationand Solar ~ergy, Departmentof ~ergy, Washington,D.C.
RICHARD N. WRIGET, Director,Center for Building Techno109Y,National Bureau

of Standards?

Ex-officio
JOSEPH H. ZETI’ELq

uashington~D.C.

\

Western Solar UtilizationNetWrk~ mrtind~ 0r@9m

.t

.

vii



.—. - ._ —.

PREPACE

Between 1948 and 1958 newetsk Atoll in the Narshall Imland8was used
for U.S. nuclear weapons testingand 43 devices were exploded there.
In 1972 the federalgovernmentannouncedthat it would rehabilitatethe
atoll and return it to the gwernment of the Trust Territoryof the
Pacific Islands andt subsequently to the Enewetakpwlef WbO had been
awved to U~elang in 1947t 12S miles ●utbwest of mewetak.

The ?hewetak rehabilitationeffort involvedmany departmentsof the
federalgovernmentwith the DefenseNuclear Agency (DNA) being charged
with the major radiologicalcleanup responsibility. In the process of
this cleanup, radiologicallycontaminatedsoil and debris from many of
the islands in the atoll were collected●nd transportedto Runit island
on the ●astern side of the atoll. The contaminatedmaterial then was
containedin a.soiL-cementmatr~ in Cactus Crater, which had been
formedby one of the huclear detonations. ~is material was surrounded
by a cancrete key-waU and coveredby a concrete cap.

In order to provide the people of ~ewetak and the Marshallese
gwernment with ●n objective assessmentof the safety of this contain-
ment structure~the DNA requestedthe NationalAcad~my of Scie”ncesv
through the Advisory Board on the Built Rwironment (ABBE)of the
NationalResearch Council, to ‘assessthe effectivene!mof the Cactus
Crater structure in preventingharmful amounts of radioactivityfrom
becoming available for internalor externalhuman ●xposures; the DNA
added later that this assessmentshould be ‘set against an under-
standingof the expected living patternsof the people of Enewetak in
terms of their degree of contactwith Runit Island and their exposure
othe-ise to residual radioactivityon the atoll.-

The committee appointedto conduct the study concentratedprimarily
on two issues: (1) the potential hazard of transuranicsbeing trans-
ported to the surroundingenvironmentfrom the structure in its present
configuration,and (2)possible sequencesof events that could affect
the structure’sphysical integrityand an ●ntlmation of radioactive
hazards that might result from the dome’s preachment. mo subsidiary
issuesalso concerned the committeeand are c~ented on in tbe report?
namely~ possible hazards associatedwith tliequarantined islandof

●Formerly the Building ResearchAdvisory Board (ERM).

I
.’ ..’ . .

. .
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,
Runit where the dome is located,and pssible hazards from fission

(
-% productsthat maY arise if the northern islandof En~ebi is resettled.

Althoughthis committee’scharge was not expresslydirected toward
hazards associatedwith the resettlementof Enjebi, it must be
emphasizedthat the risks from the consumptionof food grown in the
northern islandsare high comparedwith any conceivablerisk arising
from ruptureof the dome.

The readerof this report will discover hat the comittee depended
heavily on informationfurnishedby governmentagencies and their con-
tractors. Insofaras possible it attemptedto assess the quality of
these data and, in one impor-nt instance (thedrilling program
describedin the report),supervisedthe acquisitionof new information
about the qualityof the dome”s constructionand the concentrationsof
“radioactivitycon=ined within it. In its interpretationof potential
hazards associatedwith the dome the titteg depended heavily on data
acquiredby groups at the IawrenceLive~re Mboratori.esled by V. S.
Noshkin and W. L. Robison. Members of the conmittee reviewed the
sampling and ~alysis proceduresused by these groups. ~ addition,
all the’workon the ~ewetak operationdone by these groups has been
subjectedto critical review by a selectpanel of experts from other
governmentlaboratoriesand from universities;much of the work also
is published in scientificjournalsand, t!aus,has been subjected to
peer review there. The Committeethereforeis satisfied that the,
infonaetionit has receivedconcerningenvironmentalsampling,
analysis,and dose assessmentis of high quality.

The Committeeon Evaluationof Enewetak~dioactivity Containment
wishes to ackn-ledge the cooperationof the many individualswho pro-

-,

vialedextensive information and assistance. tie committee is particu-
larly grateful to Thomas Jeff&rs, Directorfor Logistics and
Administration,Defense Nuclear Agency, Alexandria,Virginia; R09eC
Ray, Deputy for Pacific Operation,Nevada OperationsOffice, Department
of Energy~Las Vegasl Bryon L. Ristvet,Test Directorate.Field
Command,DNA, KirtlandAir Force Base, New Mexico/ WiLliam R6bison~
Section Leader,Terrestrialand A-spheric Sciences,Environment
SciencesDivision,Lawrence Llvermre Laboratory,Liver7nore~
~lifomia; Victor Noshkin, Marine Sciences,EnvironmentalSciences
Division,LawrenceLivermoreLaboratory,Live~re, ~lifornia~ and
David Stark,.@ncrete Materials ResearchDepartment,Portland Cement
Association,Skokie, Illinois.

Robert W. Morse
Chairmn

.
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Chapter 1
~Y AND CONCLUSIONS

~ conductingits assessment of tho effectivenessof the ~ctus
Crater structurein preventingharmful amounts of radioactivityfrom
becomingavailablefor internal or externalhuman expomure, the
Committeeon Evaluationof rnewetak RadioactivityContainmentorganized
a drillingprogram to obtain cores through the entire depth of the
finishedcontainmentstructure,visited RiewetakAtoll to ●xamine the
structureand observe the drilling operation,reviewedall relevant
data and reportsconnectedwith the cleanup program, and interviewed
key individualsassociatedwith the program, includingthose respon-
sible for radiationmeasurementsand their inte~retation. During its
deliberations,the committee focusedon such issuesas the nature of
the radioactivematerialscontainedwithin the structure,the ~ssible
changes that might occur to the structureas time passes, the ways in
which radioactivematerial now contained in the structure conceivably
might be transportedelsewhere,and tie radioactiverisks to which the
-le of mewetik would be expoaed”inthe most extreme of these
hypotheticalcases.

1.1 The ContainmentStructure
The Cmmaitteebelieves that the cactus Crater containmentstructure

and its contentsPresent no credible health hazard to the people of
Ihewetak,●ithernow or in the future.

The functionof the containmentstructure,as the camnittee per-
ceives it~ is to prevent hazardous human exposureto the radioactive
material buriedwithin it, and the comittee believes it h highly
unlikely that any sequenceof events would prevent the structure from
~rforming this function. Any flushingor spillingof the contents of
the structureinto the lagoon or ocean that might occur as a result of
cracklngtsettlement,or storm damage will not create an unacceptable
radioactivehazard. Indeed, even if the entire radioactivecontents .
of the containmentstructurewere to find its way into the lagoon, no
unacceptablehazardwould result.

AXthough no significantradioactivehazard would be created if the
containmentstructurewere to fail in any way, it is prudent to main-
tain the physical integrityof the structure fn order that it may
continue to prevent direct human access to the radioactivematerial it
contains. Thus, inspectionof the dome should take place periodically

1
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and after severe storms. Crackingor settlingof the panels should not
be of concern, but breaches in the riprap should be repairedto provide
protectionagainstwave action during storms.

1.2 Related Issues “
Tbe committeewas asked that its assessmentof the Cactus Crater

structurebe ‘set againstan understandingof the expectedliving
patterns of the people of Enewetak in terms of their degree of contact
with Runit Island and their e~sure otherwise to residualradioactiv-
ity on the atoll.= .Inthis regard the committeemakes two comments.

1.2.1 Runit Island
Tbeze is a hazard of unceztainmagnitudeon Runit Islandbecause

of the possible presenceof plutoniumnot located and removedduring
the cleanup (a situationunique to Runit), and, for this reason, Runit
has been made off-limits, ● status the cmmdttee does not dispute. It
Is likely, however, that the people of Enewetak and others believe
Runit to be off-limitsbecause of hazards asmciated with the
containmentstructure. The committee therefore●mphasizesthat its
conclusionregardingthe safety of the structureshould not be inter-
preted to mean that Runit is thought to be harmless. It may well be
that an importantfuture functionof the containmentstructurewill be
to serve as a reminderto everyone that the island is to be avoided in
view of the possiblepresenceof plutonium there.

1.2.2 Enjebi Island
It is likely that the Dri-Rijebisooner or later will resettle

their home islands in the northernpart of the atoll. Radiation
e~sures associatedwith such a move far exceed any exposuresthat can
be associatedwith the dome or with the radioactivityrmining in the
lagoon. Indeed, for people who might live on Enjebi in the near
future, radiationexposuresdue to stronthim-90 or cesium-137in
locally grown feedsmay become excessive in relationto current u.S.
standardsfor a generalpopulation,●specially if f-d iS not imported
from other islandsof the atoll or from outside.

I\

. .

2 .
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Chapter 2
BACKGROUND

2.1 Nature of the Islands
The Marshall Islands,which comprise &e ●astern part.of

Micronesia,are about halfway between Hawaii and the Philippines. Thej
Marshalls consist of 29 coral atolls and 5 coral islands having a total

land area of only 70 square miles (Pigure 1). “Each atoll =nsist~ of
many separate islandsconnectedby coral reefs that usually form an
enclosurearound a central lagoon.

The temperature in the Marshallsaverages ahmt 80”F.with little
seasonalvariation. The northern islands receive about-60 inchesof
rain annuallyand the southern islands,about three times that amountt
but =isture rapidlydrains out of the soil and the islands are rela-
tively arid. The ~unt of rainfall●lso varies considerablyfrom yeaz
to year in the northern islandsand droughts are coxmnon. POod crCps
consist of coconut,pandanus,arrowroot,and bread fruit. Famine
conditionsare not infre@ent because of drought even though the reefs
●nd lagoonsprovide a stable sourceof marine f- (Tob$n1967).

2.2 Normal Economy
Prior to World War II, the econq of tie mrshalls was based on.

subsistencecrops and fishing, supplementedby the export of copra (the
dried meat of the coconut). This continues to be the case today on
most of the islands;however,governmentactivities at N.ajuroand at

●

the missile range on Kwajaleinaze nw major sources of employmentand,
hence, of income for the people in the Marshalls.

In 1977, the total populationof the isl~ds was estimated at about
25,000. Of these, 8,000 were at Najuro and 5,000 on Ebye Island at
Kwajalein. A portion of the money ●arned by.Marshallese employedat
these two centers filtersback to “thesubsistence-basedishnds. Pre-
s~bly, the ecenomy at Enewetak after resettlementwill be based on
subsistencecrops and fishing, incomesfr~ relatives employed at
Majuro and Xwajalein~export crops (initiallynonexistent]~and U.S.
support pr~rams Insofaras they continue to ●xi$t after independence.

2.3 Riewetak Atoll
.

Enewetak is a
●llipticallagoon
area is only 2.26

typical atoll (Fiq,lre2); 40 islands surround an
23 miles long and 17 miles wide. The total land
square miles.

3
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,/ Although the Marshall Islands were discoveredby the Spanish hi
1529, they remained h practical isolationfor over two centuries.
Germany claimed the islandsin the latter part of the nineteenth
century and developedcopra tradingactivities. Bnewetak,with-the
rest of Ger!un possessionsin Micronesia,was seized in 1914 by the
Japanese who continuedthe copra trade. Between 1939 and 1941 rnewetak
was developedas a militarybase by the Japanesec and the local men
were pressed into’serviceas laborers. In February 1944 U.S. military
forces assaultedEnewetak. Possessionwas’won only after the death of
3,200 Japanese, 350 Americans,and 17 of the.localpeople (Kiste1975#
Norison1961). Followingthe battle, the United States esttilishedF
large base .onthe atoll, and after the Pacific war the United States

.. was granted a trusteeshipover the islands by the United Nations (UN).
In 1947 PresidentTruman notified the UN that Enewetakwas to be used
as a nuclear weapons provingground and the”inhabitantswere removed
to Ujelang, 125 miles to the souqhwest.

2.4 The EnewetakPeople
There are twO-poiitical-socialsubdivisions within the Ehewetak

people-the Dri-Enjebl,who occupied the northern islands? and the Dri-
Enewetak,who lived on the southern islands. Although these two tribes
had differentchiefs and social organizations,they lived together
peacefullyand with extensiveintermarriagefor many generations. Both
groups also now include people descended from Intermarriageswith the
people of Ujelang.

After the battle of Enewetak in “February 1944 U-e people were
housed on”Aomon (Figure2) where they were supportedby the U.S. Navy
until 1946 when they were moved temporarilyto Kwajalein. They then
were returnedto Aomon for about a year and, in 1947, 142 of them were
moved to Ujelang,a much suller atoll (only 0.6 square miles of land
area). In April 1980 approximately500 of the people returned to
Enewetak and now are living on the southern islands of Enewetak,
Uedren, and Japtan where housing has been ~nstructed for them by the
U.S. government (Pigure-3).

The experienceof the Enewetak people on Ujelang has been docu-
mented by,Tobin (1967). The original Ujelang people had migrated to
Jaluit in the 1880s and some later migrated to Enewetak. Although
times often have been difficulton the smaller atoll, the transition
to Ujelang was aided by these h~storical ties and the fact that it was
uninhabited. The dual social structureof Dri-Enewetaksand Dri-
Enjebts was maintainedthroughoutthe entire 33-year period on Ujelang
and exists today. At the present time, however, both groups reside
only on the southern islands,the lands of the Drl-Enewetaks. Given
the very powerful cultural importanceattached-toland in the
Marshalls, as well as its economic value, the Dri-Enjebi,not
surprisingly wish ,toresettle their home islands. .

2.S Weapons Testing
Between 1948 and 1958, 43 nuclear weapons were ●xplqded on Enewetak

Atoll.’ Some were sufficientlypowerful to obliteratewhole islands or
blow considerableportionsof islands into the lagoon or the ocean.
Many craters can be seen from the air as deep blue patches in the
surroundingsea or as water-filledpools on the islands. The coral
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FIGURE 3 One of a varietyof one- and two-story
resettlementhouse styles.

(Photo courtesy of B. L. Ristvet)
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{ of the reef and of the islands is freelypermeableto ocean water;
therefore,the craters are an effectiveconnectionwith the lagoon and
the ccean even if they are locatedwithin an island.

Most of the testingwas done on the northernpart of the atoll.
(SeeFigure 2 for the number and locationof the teets.) The test
personnelwere based in the southernarea, and Hnewetak Island, the,
largest in the atoll, accommodatedmany buildingsand an airstrip
capable of handlingthe largest aircraf$.
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Chapter 3
‘THECIzANDP

3.1 Cleanun’Prowsals
In 1972 the U.S. governmentannouncedthat it would return the

meweMC Atoll ts the gwernment of the Trust Territoryof the PaCifiC
Islandsand, subsequently,to the people of Enewetak,and an effort to
clean up and rehabilitatethe atoll was initiated. Planning extended
from 1972 to 1977, and the people of rnewetskwere involved in the
major decisions. The cleanup operation itself extended from May 1977
to April 1980. A detailedon-site radiologictiinvestigationby the
A~ic Energy Ccmmismion (MC)? Cle+up by the &Par~ent of ~fense
(DQD)~and rehabilitation(homebuildin9and cr~ pl-ting) bY tie

(
Departmentof the Xnterlor (DOI]w&re carried out to some extent
concurrently. The pl”knningand cleanup operationsare descr~bed in
detail in a lengthyDNA report (1981) and are ●xmarized in a D= fact
sheet (1980).

3.2 Cleanup Criteria
. The environmentalimpact statement (zIS) for the cleanup, resettle-

ment? and rehabilitationof ~ewetak Atoll (DefenseNuclear Agency
197S) establisheda series of standards to be met. Radiationdoses to
the returningpopulationwere not to exceed 0.2S rem per year to the
whole body and marrat, 0.7S rem per year to the thyroid, 0.7S rem per
year to bone, and 4 rem wer a period of 30 years to the.gonada. These
‘guidesfor cleanupplanning”were followed in the EIS summary bY the

statement:

Cleanup of soil containingplutonium c= be handled on a case-
by-case basis uaing the following: (a) less than 40 pCi/g of

/ soil--correctiveaction not required, (b) 40 to 400 pC1/g of
soil-corrective act$on determinedon a case-by-casebasis
consideringall radiologicalconditions, (c)more than 400
pCi/g of soil-corrective action required.

It was recommendedthat only islands satisfyingcriterion (a)
should be used for residenceand subsistenceagriculture. Islands
satisfyingcriterion (b) could be used for agrimlture (e.g.,coconut .
trees for copra production)and those satisfyingcriterion (c) could
be visited for food gathering (e.g.,fishing and gatheringbirds’
“eggs)●

9
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(“ These sundards aubaequentlywere modified by the Departmentof
rner~ (DOE)to includeall the transuranics,not just plutsnium. The
land-usecleanup standardsalso were revised to permit not =re than
40 pCi/g for residentialislandsp80 pCi/g for agriculturalislands~
and 160 pCi/g for food-gatheringislands.

3.3 DisQosal Ootions ‘
During the planning stages a major considerationwas the method of

dinposal for any plutonium-ontaminatedmaterial. Severaloptionswere
initiaUy considered ‘includingreturning it to the united States,
casting it into concretebloc!cs?dunrpingit into a crater with a con-
crete cap, or d~ing it in the ocean or la900nB (-fense Nuclear
Agency 1981, p. 94). Althoughstrong argumentswere made for lagoon
or ocean dumping? the Rv?ironmentalProtectionAgency (EPA)believed
that national @icy prohibitedsuch disposal. ~ia view prevailed
over that of the Energy Researchand DevelopmentAdministration(=A]
and the final ●nvironmentalimpact stitement (April1975) identified
crater ●ntombment as the selecteddisposalmethod. Disposalcriteria
were reviewed again in August 1977 by the m-called Bair Connaittee.
l’hisgroup advocatedocean dumping as the preferred SOIUtiOnwith
lagoon dumping an an acceptablealternativebut recognizedthat SW
change would require the EIS to be reopened and. that EPA oppositionto
those alternativeswould still remain- The Bair Coxnittee~sfinal view
was that ‘terrestrialdisposalon Ruxdt Island with a concretecover’
was the best practicalalternative(letterfzom W. J. BSir, et al. to
J. L. Liverman,hsistant Administratorfor ~vfronment and Safety,
-A, August 17, 1977). Thus, the cleanup plan finally adoptedcalled
for radiologicallycontaminatedsoil and debris present on many islands
In the atoll to be collectedand transported to Runit and containedin
a soil~ement matrix in Cactus Crater, surroundedby a concretekey-
wall? and covered by a concretecap.

3.4 RadioactiveCmtaminants
● The radionuclidesof principalconcern at Enewetak are the trans-

uranics?mainly plutonium:239,and the fission products, strontium-90
and cesium-137. The transuranicsare relativelyinsolubleand there-
fore have remainedvery near”the surface. The strontiumand cesium.
however, are more soluble and have leached to.a considerabledepth.
Indeed, the DNA (1980)stated:

The AX’s radiologicalsurvey had disclosed that, except on the
island of Runit, most high transuranic”concentratlonswere in
the top few centimetresof soil. -is was not the case with
suburanicswhich~ because of their water sohbility, were dirn-
tributed to considerabledepth. . . . Rcision of soil con-
taminatedwith suburanics [fissionproducts],however~was
simply not practicable. ‘M do so would require such extensive
soil remcn?alas to render the island useless for habitationor
subsistenceagriculture.

i, ‘X%ulIFthe subsequent cleanup concentratedon the problem of
transuranics.
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The emphasison transuraniesin the cleanup operation also was
influencedby the fact that Pu-239 has a half-lifeof 24,000 years
whereas Sr-90 and Ce-137 have half-livesof about 30 years. In the
near future?however.the fission products must be of great concern
becauseof their rapid rate of xwvementthrough the soil and their very
●ctive incorporatia into the food chain.

Since there was virtually no conmination on the southern islands,
it was planned that only these islandswould be settled ●t the begin-
ning. Occupationof the northern islandsafter cleanup was to be
postponeduntil radioactivedecay brought the concentrationsof sr-90
and CS-137 to acceptablelevels.

3.5 Location of the Contamination
Before work could begin it was necessaryto find out which islands .

were signif~cantly con~inated and to identifythe specific places
wbere,remedialwork would be required. As has been explained, the
cleanupwas concerned with the transuranics,mainly plutonium but
plutoniumemits only an alpha particleaccompaniedby a very low~nergy
x-ray so it is not practicableto measure it h the field. However~
the plutonium is associatedwith americium,which has a sufficiently
penetratinggamma ray for detectionthrough several inches of soil.
Aerial surveys and in-situ monitoringdetected the significantlycon-
taminatedislandsand speciallydesigneddetection equipmentawnted
on a tracked vehicle then was used for a detailed survey. Readings
were taken at every intersectionof a 50+netergrid. Soil samples at
variouadepths were taken at each intersectionfor laboratory analysia
to determinethe plutonium/americiumratio. In areaa of high mn~-
ination,sampleswere taken at 25-, 12.5-, and 6.25-meter intervals.
This work provided the baaia for radiationcontour maps that would be
used by the cleanup crews.

3.6 Nature of the Problem
The cleanup problem waa not confinedto surface soil contaminated .

with tranauranics. During the weapons testing program, debris from
tests frequentlywas cleared fran a site and dumped in an old crater
in preparationfor reuse of the iite for additional tests. AU
detectabledumps, crypts, and burial sites were excavated and any
radioactive contents transferred to the Cactus Crater. Old block-
houses, sunken barges, and landing craft in less than 1S feet of water
and other miscellaneous debris were collected,monitored, and disposed
of in the containmentstructure?if contad.nated,or in deep parts of
the lagoon if not contaminated.

Retrieval from dumps often was difficultand a crypt on Aomon
Islhd was so extensive that ayear waa required to plan and complete
ita excavation. About 16,000 items from World War IX (unexploded
artilleryand mortar shells, hand grenades, small arms, and ammunition)
also were detected,dug up, and detonatedor remved by Navy Explosive
Ordnance Disposal Teams. After the rubbishwas removed, the top 6
inches of soil
RaanitIsland.

was scraped off# loaded into barges, and transportedto
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3.7 Safety of Operators
Despitethe nature of the work, no significantradioactive

contamination of the personnel is reported to have occurred. People
working in situationswhere airborne hazards could be anticipatedwore
face masks and good personal hygiene procedureswere required. The
operators wore dosimeeers. Routine urine analyses and film-badge
readingsshowedno significant●xposure. It should be noted that of
ovez S?000 filters from air samplers,over 50 percent showed no

.
.

contaminationfrom transuranicelements,over 95 percent showed less
than 1 percentof the maximum permissibleconcentration (~c)~ ad none
showed more than 10 percent of the l@C (DefenseNuclear Agency 1980).
Over 4,000 U.S. servicemenserved on the atoll during the cleanup end
6 lost their lives (2 deaths resulted from industrialaccidents,2 from
a recreationalaccidentland 2 from causes ‘unrelatedto the environ-
ment-). .

3.8 Cactus Crater
The Cactus Crater, which received all the contaminateddebris and

SOil from the atoll, is situatedo“nthe reef side of the nor~ern ●nd
of Runit Island (Figure4). Most of the crater rim is on land, but
before constructionof the dome, about a quarter of the circuderence
was open to tie ocean at high tide and another consistedof a narrow
spit of corali A surface shot in MSy 1958 produced the”350-foot-wide
and 30-foot-deepcrater. About 200 feet to the northeast of Cactus
Crater on the ocean side is a somewhat larger crater, LaCrosse,..which
was producedby a surface shot in May 1956. The rti of Lacrosse at
high tide appears only as a few isolated rocks above the water. The
original plan was to use LaCrosse crater first and to.use Cactus”only
if there was more material than LaCroase could hold. For logistical
reasons,however,the order.was reversedand Cactus alme proved to be
sufficientsize for the disposal operation.

The Cactus Crater was not formed in undisturbedrock. The Zebra
Tower shot was detonated 217 feet southeastof Cactus in USy 1948 and
the Dog Tower shot, 291 feet southeast of Cactus in.April 1951. TheSe
two shots caused fracturingof the r-k around Me site of Cactus
(DefenseNuclear Agency 1981, p. 409). The Zebra Crater was filled in
and oiled to prevent dust while the Dog ~wer was being worked ont and
the Dog Crater and contaminatedareas were made ‘radiologicallySafem
by dumping the contaminateddebris in the crater and then covering the
contaminatedarea with clean sand. It is apparent, therefore,that
there is a good deal”of buried radioactivematerial near, bit not
inside, the Cactus Crater and that the surroundingrtxk is heavily
fissured. . .

When.theCactus device exploded, a large amount of rock, much of
it pulverizedinto small particles,was thrown upwards. Much of this
material fell back into the crater so Wat the original hole was half
filled with debris. The true crater is therefore twice as deep as it . “
appears to be? and this was demonstratedseveralyears ago when a hole
was drilled through the debris to”a depth beyond the bottom of the true
crater. A gamma counter was lowered down the hole and activity levels
were recordedat different depths (Figure5). At the bottom of the
visible craterj the.countingrate increasedsharply from near zero to
‘a~ut 48OO counts per second (cPs). The counting rate then decreased
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FIGURE ~ Runlt Island before construction of the containment structure.
(Photo courtesy of Defense Nuclear Agency.)
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to about 400 CPS as the counter descendedthrough the fall-back zone
and rose again to about 3400 cps at the true bottom of the Crater. The
high count at the surfase of the fall-backzone is probably due to the
faCt tht small particles,which absorb more activityper unit of
weight than large particles~ fell back =re slowlYo

The high permeabilityof the coral rock ensures that the radio-
activematerial within the fall-back zone has been Ccintinuouslyleached
by sea water since 19S8. Nevertheless,.aubstSntiUquantities of
radioactivematerial were present beneatb the apparent bottom of the
crater before any of the soil and debris from the islands was placed
into it.

It is also possible that a part of Cactus Crater was formed out of
a man-made extensionof the islandon the lagoon side of the reef
(Defense Nuclear Agency 1981, p. 409); at least there is no
appreciablebeachrockpresent on the lagoon side of the crater.

3.9 Pilling of the Crater
The contaminatedsoil was transportedby barge to Runit Island,

where it was mixed with cement and attapulgiteto form a mixture
. designed for use in the tremie method of underwaterconcrete placement.

Using this method, water is added to the cement-soilmixture to form a
slurry that is pumped through a pipe to the underwater location: the
end of the pipe is kept below the surface of the ejected slurry to

prevent segregationof the cement and soil.

( me crater was filled to the low-tidewater level using the tremie
method. The key-wall then wassunk to a depth of 1 foot where the
beachrockwas solid and to a depth of 8 feet where the beachrockwas
fracturedor absent. The key-wall apparently was placed by deposition
throughwater that inevitably●ntered the forms because of the high
permeability of the formationson which the key-wall was placed.

Above the water level, a Common soil-cment placement methfxiwas
used in which a layer of contaminatedsoil was spread and bags of
cement were placed at designated intervalsand punctured. The cement
was blended into the soil with a disc and the layer was compacted.
Using this procedure a dome-shapedmound was formed over the crater.
Radioactive debris (i.e.,metallic debris, contaminatedconcrete? and
other large pieces of material) too large to pass through the tremie
pipe later was placed in an area, (calledthe “donut hole=) reserved
for it in the center of the structureand was ‘choked” in place with
slurry. .

Before the filling of the crater was completed, constructionof the
concretecap or dome was started. It consists of 3S8 panels in 11
rings, and the panels vary in size from 20 by 21- feet at the outside
to 6 by 7.5 feet near the ce”n”ter.The panels were made in place in
forms and sested on polyethylene sheet. The design thicknessof the
panels was 18 inches, but the actual thicknesses ranged from 12.S to
24 inches,with a mean of 17.3 inches (Ristv& 1980). The outer ring

●Segregation,
the bottom of the

however, was observed in the core samples only at
key-wall. .
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was laid flrste and each pane-lwas keyed to the abutting panels to
,..-..
(, prevent differentialdisplacement (Figure6).

Contaminateddebris remainingafter the “donutholeg was filled was
placed into two.concrete ‘boxes” constructed for the purpose and
attachedto the landwardside of the dome.

The materialwithin the Cactus Crater, cwered by the concrete -P?
consistsof abut 105~000 cubic yards of contaminatedsoil ●nclosing
some 6~000.cubicyards of infscell.aneousdebris. The dome has a shallow
slope and has been used as a landingpad for helicopters. The thick
concrete key-wallaround the dome is protectedon the ocean side from
wave action by a riprap ‘mole’-a necessaryprecautionduring the con-
structionphase because during the three-yearcleanup operation four
major typhoonsand tropicalstorms hit rnewetakAtoll causing extensive
destruction. One typhoon requiredcompleteevacuationof the atoll. . -
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Chapter 4
DESCRIPTIONOF THE CONTAI~ STRmTURE

4.1 General Observations
The key+all and cencretedome appear to be well finishedand to

‘(

consist of very good quality concrete. Some slightlyopen joints are
visible between the slabs that form the dome and a small number of
very narrow cracks can be seen in a few tafthe slabs.

?ield observationsby the committeerevealed that fine cracking
extends through the midpoint of 6 of the 358 panels. Host of these
cracks appear to have resultedfrom normal shrinkageof the concrete.
The existing cracks may become larger, and similar cracks may develop “
in other panels.

The principal effect of this cracking is to rtiuce the effective
size of the panel, functioningas riprap, to aPProx~telY 15 ~ns ‘ach
half. Neither moisture movement nor future possible fissure to the
underlyingmembrane is an issuewith respect to durabilityof the dome.

4.2 The Drilling Proqram
At the outset of the study, it was recqnized that info~ation

concerning the quality of the concrete$the effectivenessof construc-
tion of the dome, and the conditionof the material within the struc-
ture could be obtained only by means of a drilling program. The Test
Directorate, Pield Command, DNA, agreed to undertake the drillin99
program for the committee. The report on the results of the drilling
(Rlstvet1980) is a comprehensivedocument that includes historical,
geological,and seismic data.

The drilling started on March 13 and ended on March 28, 1980, and
much of it t-k place while committeemembers were on the site (arch
21-28). Selection of the positionsof many of the drill holes was made
“incooperationwith the committee,whose members were able to witness
the drilling and recoveryof coree and to ●xamine the cores as they
were extracted. “Detaileddescriptionsof the cores are supplied~Y
Ristvet (1980)but a general summarywill be given here. :

~elve sections of the concrete cap were cored with a.4-inch
.

diamond bit. Thicknessesvaried from 12.5 inches to 24 inches with-a
mem of 17.3 23.1 inches. The concrete waa of high quality with some
minor.voidsor air bubbles. One cap section showed a 1- to 2-inch
honeycombed zone with interconnections of voids. All concrete-cores

19
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The pumping recoverytests,which involvedpumping the boreholes
completelydry and then observing the rate of water level rise~ were
conducted h the tremie material. These tests shgwed a very rapid
recmrery in the water levels; in one case the <atec level rose 2 feet
in 5 minutes. Furthermore, water levels within the tremie concrete
correspondedvery closely to sea’level and lagged only about 1/2 hour
behind outside tidal fluctuations.

ThUSr it appears that UtiIOU@I the permeabilityof the SOil_C~ent

mixture is quite LOW? the permeabilityof the trmie =ncrete is much
higher. ~rthermore, in the tremie region there was relatively free
communicationwith the ocean, perhaps mainly along channels provided
by the oversizedebris.

The soil-cement mixture was a moist, dense material that crumbled
in the.hand and the tremie concrete, a dense, partiallycemented
material. The whole of the crater contents,h~ever, was rather
impermeableto water except where there was channeling.

In eummary, the cores showed that there are zones of incompletely
cemented tremieconcrete. This segregationof the concrete most likely
resultedbecause the tre.miepipe was not a~ways kept below the surface
of the slurry~probably due to movements of the barge carrYin9 the
injectionequipmentor failure to use a plug when each pumping sequence
was started. The soil-cementabove the water level also did not
achieve the concrete-likecharacter that was anticipated~possibly
because of bacterial effects of organic materialwhich prevented proper
hardeningof the concrete at the level of cement content used. Never-
theless, we believe that the keywall and concrete dome are satisfactory
Zor all likely situationsthat will occur.

4.3 RadioactiveContents
Samples‘takenfrom the cores and water samples from the holes were.

analyzed at the bwrence LiverAre Laboratory. Water samples also were
taken from two monitoringwells sunk outside the dome area, on the
lagoon side, in pesitions calculated to intersect water passing through
the crater and into the lagoon. The wells were fitted with unscreened
slottedpolyvinylchloridepipe for use in future monitoring.

The results of these analyses”havebeen given by Robison and
=khkin (1981). To summarize the data here, mean values have been
calcplateds omitting samples taken in the fall-back zone. Results are
given in pCi/g and the range gives the high and low values for the set
of samples. Strontiumand Pu were analyzedusing wet chemistry methods
and the othersr using gamma ray spectrometry.

4. . Mean
● - Radionuclide

9
Concentration I&.!SS”

ass+a*o~ 18.6 46 - 1.6
aG$~ 2.8 6.3 - 0.20

20.6

8.7

52 - S*5

27 - 0.24

.. ●
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As is to be expected from the nature of the cleanup and ●mPlace-
mente there is a-wide range of concentrations. Summing the ‘“Am
with the “’+’” Put one arrives at a mean value for the transur-
SS)iCS of 21.4 ~i/g. If there are 12.6 Ci of transuranicsin the dome
[u.s.Departmentof Energy 1979) contained in 10S?OOO~bic yards of
soil and ene assumesa density of 1.8 9/cc for the soil~ the average
concen~rationto be ●xpected wou%d be:’

12.6 “ 10~Z = 87 pcilg.
105,000 ● 0.76 ● 105 “ 1.8

The observed and calculatedvalues are in reasonableagreement since
the contributionfrom the material encased in concrete in the “donut
bole” at the center of the dome is nQt considered and neither the means
calculated from”thesamplesnor the estimatesmade during the cleanup
are likely to.be very accurate.

Water samples taken from two’differentlevelsof a hole driUed in
the dome also were analyzed. The water was filteredthrough a 0.45-
micron filter and both filtrateand filter were analyzed. The mean
values (in *i/~) were as follows:

Radlonuclide Soluble Particulate
1SS+2*OPU 0.05 77.8 “.
2*AAm 0.005 67

“Sr 331 112

“7CS 248 146

The transuranicsare essentiallyall associated with the particulate
fraction and not as availablefor transportas “7CS and ‘“Sr where
the greater concentrationsare in the soluble fraction. The mean

●
values (in pCi/1) for samples from the
outside the dome were as follows:

Radionuclide Soluble

*“+**’PU 0.142
2QI Am 0.003
soS“r 225

/ ‘37CS 27

20-foot level ifithe two

Particulate

164

59

156

97

wells

Somewhat higher concentrationsof all nuclides were found in samples
from the 40=foot level in one well. However, at the present time it
is not clear If these radionuclidesin the well samples are coming from
the dome or from the fall-backzone or were present in the soil from
other causes such as the work done Ln preparationfor constructionof “
the dome. An artificialbeach was constructedfor the off loading of
the material placed in the dome and it is probable.that contaminated
soil was used in its construction.
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. In general, concentrationsof radionuclldesin all samples taken
from the dome are low and are comparableto soil and sedimentconcen-
trations in the northernpart of the atoll. The liquid sampleshave
concentrationswell below maximum permissibleconcentrationsfor the
general publlc for drinkingwater.
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Chapter 5
HA2ARDS ASSCCIA-iED WITS THE mE

5.1 Functionof the Dome
The functionof the dome is to prevent people from being e~sed

to harmful.smunta of radioactivity-frcmthe debris buried within. In
practical terms, the dome will perform this function if it prevents
people from having direct physical access to the contents and if any
radionuclides●xchanged betwee~ the contentsand the environmentdo not
create an unacceptablehazard. Before”addressinghow well the dome
can be expectedto fulfill these goals, certain background~ter!al
will be reviewed (sections5.2-5.5).

5.2 RadionuclidesIn the Dome
The total amount of transuranicscontainedwithin the dme is

( ●stinatedto be 12.6 Cl (U.S.Departmentof Energy 1979). Measurements
of the fissionproduct content are not available,but a crude’estimate
of a maximum of SO Ci of ‘OSr and ‘S7CS may be made using Atomic
Energy Commission (1973) survey data. The average transuraniccontent
Of the materialwithin the dome can be calculatedto be about 87
pCi/g, about twice the permissible soil content of 40 pCi/9 for

. islands designated for residentialuse. The average value measured
from the drilling samples from the dome was 21 PCilg, but this d~~ not

take accountof contaminateddebris that was encased in concrete in the
center ‘donut hole. of the dome. Shilarly, the average total value
of “Sr and lJ’CS from the drilling sampleswas 29.3 pcl/9.

In addition, an estimated 380 CL of activationand fission products
plus an unknown amount of transuranicsare contained in the fall-back
debris in the true crater bottom and in the water beneath the material
in the dmae (AirForce Weapons Laboratory‘ITZ-77-2421978). Prior to

. .

.

“*
Direct radiation from the contents is not of concern. “Radiation

from the fissionproducts cannot penetratethe dome cap end have half-
lives of less than 30 years. External exposuresfrom transuranicsare
not significantbecause the principle●missions are alpha particles:
the ●xternal dose from the ‘*AAM gamma radiation is negligible for
the concentrationspresent in the dome.

.“
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the fillingof Cactus Crater, the concentrationof lJ’*”PU in
the fresh water within the crater was 0.116 ~ 0.062 pCi/LI the czater
sediments had a concentrationof 82 $ 2 Si/g (dryweight) (Noshkin
1980, Table 4]. These values are higher than the concentrations
measured from within the containmentstructure (seesection 4.3).

(

.

5.3 Transuranicsin the SurroutidinqEnvironment
Radionuclidesin the groundwaterat Runit were measured in 197S,

prior to the cleanup,by Noshkin and co-orkers (1976). These measure-
ments showed that plutoniumhad penetratedthe groundwaterto the
deepest depths measuzed (73 m). Dissolved23’.*”PU ranged in value
from 0.01 to 0.66 pCi/t and in many of the wells was found to
increasewith depth. ‘BYOof the wells measured In 197S are between
Cactus Crater and the lagoon and are very near the two wells discussed
in section 4.3. Measured values of dissolvedaJg*’LPu are similar
in the two cases (between0.08 and 0.17 pCi/&) and both nhow a higher
concentrationin the well closer to the lagwn.

The largest quantitiesof transuran’icsat Ehewetak are in the
lagoon sediments. The entire distributionof the tranauranicsin the
bent~ic environmentat Enewetak has recentlybeen reviewedby Noshkin
(1980,Table.1). He estimates that the top 16 cm of the nediments has
an inventoryof 1185 Ci of 2S9-6’PUC 167 Ci of ‘*’Put”2190 of “iPut
and 475 Ci of ‘QIAm. These are distributednonuniformlywith the
highest surface concentrationsnear the locationof test sites. The
highest,concentrationsare in the.northwestarea of the lagoon wliere
surface activitiesof “’*”PU are.some four times higher than off
~nit were surfaceactivitiesrange from 2 to 170 pCL/g (dry wei9ht).
The vertical distributionof the transuranicswithin the sediment
cohuan’ls highly variable from place to place (sometimesincreasing
with depth) and cannot be generalizede“asily.

Transuranicswithin the water column of the lagoon shw a complex
distribution,the spatial patterns being different for surface and
bottom concentrations”of Z19*Q~~ as well as for dissolved and 8us-
pended components. In 1974 the soluble 2SS+SQO~ ranged in COnCWi-

tration from 0.002 to 0.075 pCi/L. The total inventory in the water
column of the lagoon in 1974 was 1.5 Ci in solutionand 0.7 Ci associ-
ated with particulatematerial. Thus, the averagequantity of
plutonium in the water column is a small fractionof the sediment
inventory. “

The investigationsof Noshkin and co+rorkershave shown that at
both Enewetakand Bikini from 7S to 94 percent of the soluble
‘SS**’PU in the”lagoon water is in the oxidized state (+5 or +6)
with the remainderbeing in the reduced state (+3 or +4). All the
plutonium associatedwith the particulatematerial is in the reduced
state. Noshkin (1980)believes that most of the plutonium associated
with the lagoon particulate is from resuspendedsediments and is not ..“
transportedout of the lagoon. On the other hand, the dissolved
plutoniumpasses readily through dialysismembranes and seems to move
without interactionwith the sedlrnent(Noshkin1980).

The water in the lagoon is exchanged with the ocean approximately
twice a year. Thus, about 3 Ci of dissolved 2’S*”PU are removed
from the atoll each year and an equivalentquantity remobilized from
the sedimentsand other sources on the atoll. Noshkin has $h~ that

.
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the average concentration in solution In the water column can’be
accounted for by using a simple equilibriummodel in which remobilize-
tion involves the sediment in the top 2.5 cm (~?hkin 1980).

5.4 Comparisonswith Other Locations
It is useful to compare the situation at Enewetak with other locs-

(

tions where plutoniumhas been releaaedto the marine ●nvironment One
of the most studiedlocationsis at Windscale in the United Xingdom
where authorizedradioactivediaciiarges are made to the Irish Sea from
a nuclear fuel reprocessingplant. Since 1972 dischargesof plutonium
isotopesto the coastalwaters have averaged about 100 Cl per month
(ten times that in the dome). Since the first operationsof the plant
about 10?000 Ci of 2S’*”PU have been discharged, 9~000 of which
reside in the bed of the Irish Sea ●ast of the Isle o.f Man (Hethering-
ton et al. 197S, Penreathet al. 1979).

Measurementshave shown that the dischargedplutonium is rapidly
removed to the sedimentsand that only a few percent of the inventory
(as at Znewetak)remain? in the water column. Within 10 km of the
source, concentrationsin the water column average about 0.7 pCi/k
and concentrations”in the sedimentsaverage about 40 pCi/g (dry)with
values as high as 105 pCi/g (dry) (Hetherin9tm et als 1975)” These
average concentrationsexceed those at Raewetsk,which are about 0.017
pC1/1 for lagoon water and 5.2 pCi/g for lagmn sediments tNoshkin
et al. 1980).

Low levels of plutonium are discharged into Bombay harbor from a
nuclea,rfacilityat Trombay..Here plutonium concentrationsin the
vicinity of the dischargepoint range fxom 0.004 to 0.02 pCi/L in
seawater and from 0.4 to 29 pCi/g in the suspended silt (Pillai ●t al.
3975, Pillai and Mathew 1976). A reprocessingplant at mkait JaP~#
discharges into the ocean where activity levels of 119+2*0puas
high as 0.017 pCi/L have been reportedoffshore (Kurabayashi”etal.
3979).

Thus? authorizedreleases in different parts of the world have
produced concentrationsof transuranicsin the marine environment
comparableto or in excess of those found at Enewetak.

5.S Transuranicsin Marine Foods
Transuranicscan be detected in marine organismsworldwide, in both

salt and fresh water? due to global fallout from bomb tests. AS would
be expected, relativelyhigh concentrationsin marine organisms are
found where there have been reieases of transuranics (e.g.,near
Hnewetak,Bikini,Windscale~Bombay, or Tokai).

Concentration factors in fish (i.e.,the ratio of activity in a
gram of fish to that in a gram of seawater from the same environment)
vary considerablybetween”speciesand between samples of tbe same
●peoies taken from differentlocations. Among fish there is little
evidence Of any strong or consistent relation to trophic level. These ““
issues, as well as the resultsof measurementstaken on 4,200 fish from
14 atolls in the Marshalls,were su=arized recently by ??oshkinand
cworkers (Woshkin et al. 1980). They fow”d concentrationfactors at
Bikini and ~ewetak to be similar, ranging from 5 to 10 in the muscle
tissue of fish at all trophiclevels (2nd to 5th). Mean concentrations
at Enewetak in the muscle tissue of mullet and surgeonfish (whichare

.
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primary consumers)were found to be 0.57 ~ 0.61 and 0.15 zO.16 pC1/kg
,.- (wet),respectively. (Considerablyhighex values are measured in the

stomachcontents~ the viscera~ and the liver.)
In order to put such concentrationsinto perspective it should be

noted that a daily consumptionof as much as 1 kg of fish could exceed
the current InternationalCommissionon RadiologicalProtection (XI@)
recommendedlimit for plutonium ingestiononly if the fish had a plu-
tonium concentrationof 10,000 ~i/kg (Penreath 1980).

Robison and co-workers (1980)have made a detailed study of the
potential radiologicaldoses for Enewetakresidents. Their ●stimates
for the petentialdoses from marine fds are ~sed on ~shk~n’s Wrkw “
discussedearlier, and on a diet survey conducted when the Enewetak

people were on Ujelang. They estimate that the mean daily intakeof
transuranicsfrom seafood for an adult female will be 0.50 pCi of
SJ9+SQOpuand 0.12 xi ‘Qih. Accordingto their dose assessment
mdel, this results in an estimatedbone marrow dose of 0.26 mrem/yearf
which is approximately1 percent of the annual dose from the cosmic
radiationin the Marshall Islands.

(

S.6 Dome Preachment
A number of ~ssible failure modes might result in breaching of the

dome includingstorm wave and typhcSnactiviti, foundations@tlin9v
long-term weathering,shrinkagecracking,earthquakesand tsunamis,
volcanic activity,generationof methane gas from the organic debrls~
and human-relatedactivitiessuch as vandalism. Each of these failure
modes was considered,but only the first two, storm wave and,typhoon
activityand foundationsettlingappear plausible to the committee.

Probably the greatest hazard to the dome structure as well as to
the people living on EnewetakAtoll will come from typhoons,which
sometimes completely inundatethese low islands. Although the dome was
designed to withstand severe storm wave and typhoon activity,the
typhoonsin this part of the world are so severe that a series of them
conceivablycould cause preachmentof the dome structure. The mple, “-
which surroundsthe dome on the north and northeast $.idest-.servesas
the fizst defense for waves from that direction. If the mole”failed
(andwas not repaired),the next typhooncould attack the key-wallof
the containmentstructure,probablycausing scour on the reef side.
This attack would be minimized because the heaviez riprap in the mole
in all likelihoodwould be depositedon or in front of the ring wall.
The ring wall sections (12 feet by 2 feet by 3.5 to 5 feet) ●ach weigh
more than 6 tins, much heavier than are required to resist’waveaction~
and would therefore functionas large riprap. Should the ring wall be
washed out, a most unlikaly event,wave energy would be absorbedby
wave run-up on the dome~ which would act like a beach in absorbingwave
●nergy. However, the dome panels, each weighing more than 30 tons,
also wuld act as riprap highly unlikely to be moved by wave action.

It was mentioned In section 3.8 that Cactus Crater might have been
partly formed in a man-made ●xtension to Runit Island, and, if so, the
containmentstructure could be vulnerableto erosion on the lagoon side
should the beach ever retreat to the ●dge of the dome. However,on the
basis of a recent study of aerial photographsof Runit, Rlstvet
believes that the 1981 shoreline,which is about 75 feet from the ●dge

.
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of the dome, may be near “equilibria= since it is c~se to tie ‘aximum
extensionof the near subsurfacebeachrock (ByronRiatvet, letter to
t&e cozznittee,November1981).

The committeebelieves that the probabilityof dome preachmentdue
to storm wave and typhoon activity is quite low.” Boweverl to facili-
tate ●arly detectionof typhoon-induced●ffects it recommendsthat
visual inspectionof the dome structure~the surroundingmole~ and the
beach on the lagoon side be performedat regular interva3s (as a
tiaimuzb after each major typhoon).

some settlingwith time in responseto loading is conceivable.
~rtbermore, vegetationsuch as tree limbs includedwithin the debris
can be expected to undergo bacteriological reduction,resulting in
slight amounts of settlement within the dome. Such settlement~how-
evert would not impair the functionof the dome cap in denying human
access to the containedmaterial. Resistance against movement of the
dome cap in response to settlementof the contentsof the dome is pr-
vialedby the key-wall. Although the key-wallmay spread outward
slightly in response to stresses producedby settlement~the concrete
cap functionssimply as a series of cover slabs~ not a true dome
struc$urecand can ●asily bridge over any localized areas of differen-
tial settlementor settle without any impairmentof the dome’s per-
formance.

5.7 Hazards Associated with Leaching from the Containment Structure
The resultsof the drilling program described in chapter 4 show

that the trende and the moil-camentoperationswere not fully 8uc-
cessful. Within the tremie region there are zones of aversized debris
and unconsolidatedtremie material that provide channels for water
movement. The rapid tidal response in the boreholes indicates that the
water in the structure is c&sely coupled to the island’s groundwater.
Therefore,at Least part of the radioactivitycontained in the struc-
ture is availablefor transportto the groundwaterand. subsequently~
to the lagoon, and it is ~r~t to dete~ine whether this pathway
may be a significantone.

It is not clear whether Cactus Crater (~d its vicinity) is a
greater or lesser source of transuranic movement to the lagoon than it
was before the cleanup. Before Cactus Crater was filled it was one of
the sources of transuranicsbeing r~bllized to the waters of the
lagoon. Noshkin estimates that ~ut 0.4 percent of the dissolved
plutoniumpresent in the lagoon originated from the material at the
bottom of the crater (1?.%Noshkin,personalcommunication to R.W.
Mxse, October 23, 1981). Several conditions,however, were changed
by the cleanup operations: the fresh water run-eff to the water table
was changed by the constructionof the dome~ the cleanup of soil on the
bland has.reducedmovement of transuranicsto he groundwater; and the
filling of the crater has modified the punt of transuranicsbeing
transportedfrom the crater.

It iS possible to demonstrate that leaching from the dome does not
create a significantnew hazard by use of simple inventory arguments
wi~hout having to speculateabout possible remobilizationprocesses
taking place within the structure. It was indicated in section S.3
that there is about 1.S Ci of plutoniumcontinuously in solution in the
lagcen and that 3.0 Ci are lost to the ocean annually. The amount of
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(- Plutonium in the containmentstzucture simply is not sufficientto.

sustain any significantincrease in the levei of activity in the waters
of the lagoon. To take an extseme example, if as much as 1 Ci/Yr of
plutoniumwere being remobilized to the lagoon now, the average con-
centrationin the lagoonwould increaseonly by 33 percent and the
●ffectivehalf-lifeof the plutonium in the structurewould be about 8
years. Since the levels of plutonium in the waters of the lag-n wuld
have to be increasedby several ozders of magnitude to exceed inter-
national standardsfor drinking water, leaching from the dome is not
likely to create a hazard.

An upper li@t for the radiationdose cauaed by leaching from the
dome can ‘beestimatedby simply assuming that all of the transuranics
are rapidly remobilizedto the waters of the lagoon (i.e.?in a tfme
less than 30 years so that all ●ffects would occur within one genera-
tion). Asalready noted, about 3 Cl of plutonik need tu be.remobi-
lized annuallyto maintain the present concentration”inthe water
column? and the ●stimateddose rate to bone marrow (for all trans-
uranics) from the ingestionof marine foods is 0.26 mredyr (section
5.5). If the concentrations of transuranicsin marine organisms are

. . proportionalto the concentrationsin the water column (which is the
assumptionbehind the use of the usual “concentrationfactOr”)~ then
the total additionaldose from the retwbilizationof 12.6 Cl to the
lagoon’s,watercolumn should be approximately4.2 times (12.6divided
by 3) the estimatedannual dose due to the present c&centration, or
1.1 mrem. In other words, the dome at.most could sustain the present

( levels for about 4.2 years.
This Upper limit of 1.1 mrem for the total dose due to remobiliza-

tion of the dome’s transuranicsto the waters of the lagoon is inde-
pendent of the exact mechanisms by which it might occur. A dose of 1.1
mrem to bone marrow also is small compared to doses that can be
expected from other causes at Enewetak. For example,cosmic rays in
the Marshall’sp~oduce a dose to bone marrow of 1.1 mrem every two
weeks. Thus, even a relatively rapid remobilizationof all the~ans-
~cs contained in the dome to the waters of the lag-n would not be
“expectedto create a significantnew radiol~ical hazard.

A simple model can be constructed to ●stimate the increased 30-year
dose to bone marrow through”themarine food chain if leaching from the
dome to the lagmn took place with an effectivehalf-lifeof T (see
appendix A). If all 12.6 Ci in the dome were available for leaching
and eventuallywent into solution in the lagoon (certainlyan overly
conservativeassumption),the estimated increaseddose as a function
of the effectivehalf-life in the dome would be: /

Effective half-life Extra 30-year dose
in dome (Years) to txme marrow (mrem)

i.<

10 0.95
20 0.71
50 0.37
100 0.20
200 0.12
400 0.05
1000 0.02
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5.8 Hazards Associatedwith Breachinqof the Contain~entStructure

As discussed above, radioactivematerial can escape from the con-
tainment structureeither by leaching, in whic$case all the radio-
activitywould be waterborne, or by actual breachbg of the dome
Structure in which case the radioactivitywould be both waterborne and
●irborne. If part of the dome were torn away, transport of the radio-
active material~ now aggregated for the tist part into larger particlefi
by the cementingprocess,most likelywould occur during heavy storme~
and the most credible resultwould be that “the vet and heavy contents
would be swept into the lagoon. ‘shewhole area would be drenched and,
hence, any material that had become airberne -uld be washed out
rapidly. It is noteworthythat throughoutthe cleanup”effortfield
workers wore air fi~ters for protection against airborne plutonium.
lhdioactivity on all but a handful of filters was too low to be
detected in totally dry conditions. Thus, even during tbe most adverse
posgible.~ondit$ons(i.e., during the scraping, transporting, and
dumping of”the contaminatedsoil), t!aeamount of air~rne Plutoni~ was
negligible.

Estl$natesof the potentialfuture radiologicaldose at Enewetak due
to atmosphericresuspensionof transuranics have been made by Robison
and co-orkers (1980) based on resuspension experiments conducted at
=ewetak and Bikini. These measurementsincludedboth the contribu-
tions of sea spray and suspendedaerosols of terrestrial origin (tie
‘nor’ma+ or backgroundsmass loadihg at both locations was approx*telY
5%g/$ of which about 60 percent was due to sea salt)) theY also
include: high activitysituationssuch as the cultivationof open
fields. Dose rates were calculatedassuming 8 hours per day Of
Mgh activitywork. For surface soil transuranicconcentrationsequal
to those at ?lnjebi (whichaverages approximately20 pCi/g), the

potential dose rate due to the inhalationpathway is estimated as 12
mrem/yr (Robison●t al. 1980). This would certainlyoverestimatethe
dose rate to a visitor to Runit even if large quantitiesof unconsoli-
dated material were to erode from the dome. Thus, if the ‘off limits”
ban on the islandwere violated,~tential health ●ffects from such
resuspensionappear unimportant.

With respect to the future of the containmentstructure,the
committee believes that the structurewill maintain its physical
integrity for a long period of time (probably in the range of 102 to
10J years). E@wever, “it is impossible to estimate this with any
degree of certaintybecause the principal tkeat comes from the 10n9-
term cumulativeeffects of large stomps. If the key-wall●ventually
were to be breached, the most likely outcome would be an erosion of
unconsolidatedmaterial out of the dome to the lagoon and reef~ with
the dome subsidingupon the consolidatedmaterial. This would net

1,
..

..

%aed on measurementsraadenear Windscale there Is some evidence
that plutonium may be concentrated in the sea surface and subsequently
injected into the atmosphereby sea spray and transportedby the wind
(C@raY and Eakins 1980). Any such concentrationeffect, if it does
existv would be included in the measurementsreportedby Robison and
co-workers.
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result from any conceivablesingle event but would be the consequence
of cumulativeeffects over a long period (P1US8of murse~ tie absence
of any attemptto make repairs). It is the committee’sview, however,
that even if this ●ventually were to happen, the dome would continue
to perform its intendedfunctions. The collapsed dome probably still
would prevent human access to the contaminateddebris buried within.
Any soil-ement or tremie materialspillingor eroding from the dome
into the lagoon would cause little change ko the concentrations of
transuranicsthere. Measurementson such materiak dri13ed from the
dome showed a mean concentrationof transuranicsof 21.4 pCi/g with a
range of 1.8 to 52.3 pCi/g. Lago& surface sedimentmeasurements taken
within a mile of Cactus Cratez show a range of transuranicconcentza-
tions of from 1.9 to 64 Xi/g (dry)with a man of abut 30 xi/g (dry)
(AtomicEnergy CQ-iSSiOn 1973). Thus, depositionof material from the
dome on the lagoon floor would not necessarilyincrease the concentra-
tions of transuranics in the superficialsediments.

Even if material from within the dome were to contributeto the
water column concentrationsindependentlyof the radioactivitynow in
the sediments,the upper limit of the radiologicalhazard =uld be the
same as that estimated in the previoussection for leaching. Thus, if
all of the transuranicsin the dome were rennbilizedto the water
column of the lagoon, the result at most would be an increaseddose of
only 1 mrem (to bone marrow) throughthe ingestionof marine foods.

5.9 Summary
It is cleaz that the ●stimatesmade here and in the previous

sectiondepend directlyon.the validityof the dose estimatescalcu-
lated by Robison and co-workers. These, in turn, depend on diet
surveys made at Ujelang and on measurementsmade by Noshkin and
co-workers (1980) of the transuranicconcentrationsin marine foods.
It is conceivablethat new observationswill lead to new estimatesof
the bone marrow dose from transuranicsin marine foods. However~ two
points can be made to support the view that such changes are not likely
to alter the basic cencluslonsof this report.

The assumptionof the rapid remobilization of all the dome’s trans-
9 uranics Is an extreme one and is not supportedby any ●xisting

●violence.‘For ●xample, if Ehe rate of remobilizationfrom the dome to
the lagoon was similar to that from the lagoon’s sediments i.e..
having an ●ffectivehalf-lifeof 400 years (Noshkin198018 ~d onlY 20
percent of the dome’s contentswere available for remobilization,the
30-year integraldose to bone marrow would be only 0.01 mrem (see
section 5.7). Purther, the estimated dose frqa the ingestionof marine
foods from present concentrationsin the lagoon is small. It would
require an increaseof about 10J in the present estimate to produce .
a dose level that would be of seriousconcern.

In sumaary, the committeebelievesthat it is highly unlikely tlaat
the containmentstructurewill fail in its functionof preventinghuman
access to its contents and that no credible health hazard would result
even if the containment structure’s transuranicswere leached or eroded
into the lagoon.

J - -., -,------ .-.----—
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Chapter 6
OTHER ISSUES

.

(

6.1 Runit Island
Although Runit Island is go be off-limitsforever,it is possible

that the Enewetakpeople and others believe this prohibitionto be
related to the.dome. This, however, is not the case, and the cmittee
emphasizesthat its ~nclusions ‘regarding the safety of the containment
structure should not be interpretedto mean that it believes there is
no possible hazard onRunit.

The surface of Runit Island was ‘cleanedup to below the “agricul-
tural- level of 40 to 80 Xi/g of soil and the southern part of the
island satlsfled the residentialcriterionof less than 40 pCi/g (U.S.
Departmentof Energy 1980). &wever, there were some 14 detonations
on or near the northern part of Runit, two of which are thought to have
distributedfragmentsof metallic plutonium,ontbe island and in the
lagoon. Thus, there’ is a hazard of uncertainmagnitudeon Runit from
fragmentsof plutoniumand plutonium dust in subsurfacepockets where
concentrationsof several thousandpicocuriesper gram have been found.
It h possible that undiscovered pockets contain particlea of metallic.
plutonium that accidentally codld be picked Up and carried off the

.
island. In addition, there was a great deal of earthmoving on Runit

during the years of testingwith buried plutoniumbeing mixed up with
general debris and so there are areas that could become exposed by
action of,rain,wind, ‘and waves where concentrationsare more than 160
pCi/g. It is ●stimated that, ●xclusive of the contents of tie dome,
there might be about 10 CZ of transuranicson Runit (i.e.,nearly as
much as there is sealed inside the dome) (Committeebriefing by R. RSY~
Deputy Director for Pacific Operations,Nevada OperationsOffice, U.S.
Department of Energy, May 28, 1980). For these reasons the island has
been quarantinedsince the cleanup operation.

Thus, it seems to the committee that although the hazard presented
by the dome is negligible,the same cannot be said for Runit Island as
● whole. On the other islands the transuraniccontaminationwas very
near the surface, consisted mainly of oxides with very low rates of
movement thr?ugh soil, and could be removed fairly easily by
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Appendix A
ESTIMATED30-YEAR INTEGRAL DQSE VS RATE

OF WOBILI ZATION PROM DCW

The total stock of transuranlcspresent at any time in the lagoon
due to leaching from the dane can be ●stimated by assuming that: the
rate of remobilizationis proportional to the quantity of transuranics
remaining in the dome and the remobilizedtransuranicsare rermved by
tidal flushing from the lagoon with a turnover time T. This problem
is mathematicallyanalagousto a two-stage radioactive decay process
In which the increased standingstock in the lagoon is analagous to the
amount of the intermediatenuclide present. If remobilizationtakes
place with an effectivehalf-lifeT, then the increasedstandingst=k
AS is given by;

( ‘s‘* E-’=wl
where A - 0.6931T.

If It is assumed that the dose rate fxom marine foods is propor-
tional to the standing stock of transuranlcsin the lagoon (this
effectively ia the usual ‘concentrationfactor- assumption), then the
extra 30-year dose from AS can be written as:

.

’630 . ~ ?0 (AS)dt
Swo

or
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where De is the dose rate due to

turnmver time of the lagoon (r)

40

the present standing stock S.. If the

is short compared to T~ then:

[ 1~-0.693(T )

Assuming, as described in chapter 5, that Do - 0.26 mrem/yr~ T
- 0.5

years, S, - 1.S Ci and assuming further that~of the 12.6 Ci in the

dome is available for leaching,then the extra 30-year dose as a
functionof effectivehalf-life in the dome is:

AD = 1.1 ~-e. J.

The data in ;ection 5.7 are calculatedfrom this expression..
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Appendix B
.BIOGRAPHICALS~ OF COMMI~ l@SBHRs

,

ROBERT W. MORSE is a senior scientistwith the Woods Hole Oceanographic
Institution. ~e rec6ived’hisB*S. in’1943 from Bowdoin College and
his M;S. in 1947 and Ph.D. in 1949 from Erown university. He

served on the Brown Universityfaculty from 1946 to 1964 as pro-
~essor of physics, chairman of the department,and dean of the
college. Between 1964 and 1966, he was assis-t secretarY of tie
Navy for researchand development. He later served as President
of Case Western Reserve Universityand as Directorof Research at
Woods Hole %eanographic Institution. He has served as chairman
of numerous connnittees,including the NationalAcademy of Sciences
committeeson undersea warfare, energy management,human resources~
and the ocean resources board.

JOHN P. GNAEDINGHRspecializes in structuraland foundationengineering
and soils mechanics. He is a founder~past president;.andchaimn
of Soil Testing Services, Inc. He receivedhis B.S. in civil
●ngineering in 1945 from Cornell Universityand his M.S. in civil
engineeringin 1947 from the NorthwesternUniversityTechnological
Institute. During his career he has been responsible for the
original design of soil testing equipment, many large-scale
national and internationalsoil investigations,and structural and
foundationdesign projects. He is a former chairman of the
BuildingResearch Advisory Board of the National Academy of
Sciencesand has served as a member and as chairmanof many of its
committees.

STHPEHN M. KIM is President,RMC Technical Services, Radiation
ManagementCorporation. He received his B.S. degree in 1961 from “
Pan American University. He has done graduatework in nuclear
chemistryat Penn State and in geochemistryat the University of
Illinois;specializesin radiogeochromology dealing with ‘*C-and
tritium and the movement of radionuclidesin the environment. He
is a member-of the National Academy of SciencesCommittee on
RadioactiveWaste Management Panel orfSavannahRiver Waste.
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